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Abstract: The web amount and quality of web-weaving of two spider species, Agelena labyrinthica (Clerck, 1757) and Holocnemus
pluchei (Scopoli, 1763), were determined depending on the temperature and the amount of food consumed. Two different experiments
were set up in the study. In the first one, the spiders were raised at different temperatures (20–25 °C and 25–30 °C) under laboratory
conditions and they were fed with 10 Drosophila melanogaster (Diptera: Drosophilidae) each time. In the second one, the spiders were
fed with 7–10 insects caught from their natural habitats, at 20–25 °C and 25–30 °C. According to this, the difference in the amounts of
food consumed by spiders fed with D. melanogaster at 25–30 °C was statistically significant (p < 0.05), and it was observed that these
spiders (well-fed spiders) weave more frequently and regularly. On the other hand, the webs of A. labyrinthica and H. pluchei fed at lower
temperatures with D. melanogaster were sparse and scarce. As a result, it was determined that the amount and quality of the cobwebs
produced by both species of spiders depend on the number of nutrients and high-temperature values (25–30 °C).
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1. Introduction
Spiders are classified as eight-legged invertebrate animals
and are abundant in natural and agricultural habitats.
Over 50,000 spider-type species belong to 132 families
that have been recognized by taxonomists throughout the
world (World Spider Catalog, 2022)1. Spiders are usually
found in warm, dry regions of all continents except
Antarctica (Levy, 1998b, Nyffeler and Pusey, 2014). They
have been preferred especially for insect pests and small
arthropods, and they play an important role in pest control
in agricultural and urban areas (Wagan et al., 2019). Some
species focus on ground-living prey, some roam on trees
and plants, and some prefer to hunt by building nets
(James, 2014). Spiders hunt for their food by ambushing
them either on land or in their webs. Agelena labyrinthica
(Agelenidae) uses its labyrinth-shaped webs for feeding; it
hides in its web and preys on food that comes to the web.
They often build webs in low plants, such as short grass,
or on the ground. Both adults and juveniles of the species
weave webs, and the adults make dense webs mostly in
July and August (Bristowe, 1958). In addition to Agelena
labyrinthica, which make dense webs, Holocnemus pluchei

(Pholcidae), which weave sparse and wide webs, make
webs on plants inside buildings and in nature. In the
natural environment, spiders feed on the prey that comes
to their webs and prey densities can be calculated from
their gutted remains on the web. The spiders usually feed
on one insect per day (Edgar, 1969; Nyfeler and Benz,
1987). However, this does not apply to starved spiders.
Hungry spiders suffer from decreased metabolism and
their hunting behavior may also change (Anderson, 1974).
Spider webs have the potential to kill more insects than
spiders prey on (Sunderland, 1999). Temperature is one
of the most important factors influencing both hunting
type and web type in spiders, which are ectodermic
creatures, and spiders hunt better at higher temperatures
(Kruse et al., 2008). Usually, spiders are found in both
natural and agricultural environments (Sunderland, 1999;
James, 2014) and they are important balance elements in
biological control.
The aim of this research was to examine the spiders’
cobweb quality and shape based on the amount of food
they consumed in different temperature ranges (20–25 °C
and 25–30 °C) and food types (Drosophila melanogaster

World Spider Catalog (2022). World Spider Catalog. Version 23.5. Natural History Museum Bern, online at http://wsc.nmbe.ch, accessed on {June 2022)
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and food caught with insect net). Since the amount of
food gives information about the shape and quality of the
spiders’ web, this variable was chosen as the dependent
variable of this research. Therefore, the cobweb quality
and shape of Agelena labyrinthica and Holocnemus pluchei
spiders were determined according to the amount of food
they consumed.
2. Materials and methods
2.1. Drosophila melanogaster cultivation
Drosophila melanogaster were cultivated in laboratory food
medium (50 g sugar, 50 g inactivated yeast, 9 g agar, 5 mL
propionic acid for 1 L of food) (Dmitrieva et al., 2019) for
the purpose of feeding spiders. The prepared mixture was
carefully poured into the bottles that would be used in the
experiment to achieve the desired thickness. The bottles’
mouths were sealed with cotton and let cool (Figure 1).
2.2. Spider feeding and web production
Agelena labyrinthica feeds on insects that they drop into
hose traps in their natural habitat. At the end of the trap,
they wait for their prey and hunt quickly. Holocnemus
pluchei feeds on the prey they drop into their webs,
especially indoors and in open areas in nature. Spiders do
not make prey choices in their natural habitats and prefer
large-bodied animals in their diets.
Agelena labyrinthica were caught manually from webs
on low plants or from their bottom webs (Figure 2A). Longlegged Holocnemus pluhei were collected manually from
the webs they weaved between the plants in the natural
areas and from the webs inside the buildings (Figure
2B). Specimens of both species were caught as juveniles,
males and females mixed and subjected to the study (40
specimens of A. labyrinthica (25 female, 10 juvenile,
5 male) and 40 specimens of H. pluchei (25 female, 10
juvenile, 5 male). The majority of the samples (˃50%) were
female individuals.

Figure 1. Cultivation of Drosophila melanogaster.

The specimens were taken into containers separately
(40 cm H × 20 cm W) and they were allowed to produce
webs. Moist cotton was added to the containers to ensure
the humidity of the environment. In addition, the cottons
were changed frequently to prevent fungus formation. The
study was carried out in June and November 2021. We
created two experimental groups to feed the spiders. In the
first experiment, the species were fed with 10 Drosophila
melanogasters twice a week at different temperatures
(20–25 °C and 25–30 °C). This experiment was carried
out in August, September, and October. In the second
experiment, the spiders were likewise tested at different
temperatures (20–25 °C and 25–30 °C), but they were fed
seven to ten different insects in different sizes (as they were
larger than Drosophila melanogaster) caught with insect
net in the natural habitats. Moreover, the spiders were fed
twice a week. This experiment was also carried out in June
and July. The cobwebs were carefully observed for both
experiments (Figure 3).

A
Figure 2. A) Web of Agelena labyrinthica; B) web of Holocnemus pluchei.
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Drosophila melanogaster

Agelena labyrinthica

Figure 3. Webs of A. labyrinthica, A) side view; B) top view; C) top view.

2.3. Statistical analyses
In this study, the spiders’ cobweb quality and shape
were investigated depending on the amount of food
consumed at different temperature ranges (20–25 °C and
25–30 °C) and food types (Drosophila melanogaster and
insects caught with insect net). Therefore, the dependent
variable of the research was the amount of food consumed
by the two spider species (Agelena labyrinthica and
Holocnemus pluchei). The amount of food consumed
provides information about the cobwebs’ shape and
quality. Therefore, information about cobweb quality
can be obtained from the amount of food consumed by
spiders. The independent variable whose effects on this
dependent variable were investigated was temperature. The
temperature variable consisted of two categories as 20–25
°C and 25–30 °C. The dependent variable (food amount)
is continuous, but the independent variable (temperature)
is discrete and consists of two categories. The t-test2 was
used because it met the parametric test assumptions.
The other independent variable is food type: “Drosophila
melanogaster” and “insects caught with insect net”. Since
the shape and quality of the spider cobwebs were examined
depending on the amount of these food types consumed
by both spider species, different analyses were applied. The
amount of food consumed is the dependent variable, while
the type of food is the independent variable. Since the food
type, which is the independent variable of the data, consists
of two categories and the parametric test does not meet the
assumptions, the Mann–Whitney U test2, a nonparametric
difference test, was applied. The t-test was used to compare
the amount of food consumed by Agelena labyrinthica and
Holocnemus pluchei at various temperatures.
The Mann–Whitney U test was performed to determine
the difference between the amounts of food consumed
by A. labyrinthica and H. pluchei spiders which fed with
Drosophila melanogaster and those which fed with natural
food (insect) at 25–30 °C under laboratory conditions.
2

3. Results and discussion
We evaluated the web amount and quality depending on
the different temperatures and amounts of food consumed
by the two spider species. The t-test was used to compare
the amounts of food consumed by Agelena labyrinthica
spiders at different temperatures. In order to ensure that
the findings of this test are accurate, the assumptions
were evaluated first, and it was concluded that the group
variables had a homogenous and normal distribution
(Levene’s test = 0.856 Skewtosis: –0.05 12). t-test results
are shown in Table 1.
Significant changes were observed (t (66) = –11.5; p <
0.05) in the amount of food consumed by A. labyrinthica
spiders at various temperatures. The average food for the
spiders fed between temperatures 20 and 25 °C (X = 3.97)
was lower than the spiders fed between 25 and 30 °C (X =
7.47).
The result indicates that there is a significant association
between temperature and food consumption, and the effect
size was determined to ascertain the practical importance
of this statistical difference. Moreover, with the effect size
calculated as a result of the test (d = –2.80) being over 1, this
difference was determined to be very large. Accordingly, it
can be said that spiders fed at high temperatures consume
more food. Figure 4 presents the relationship between
food amount and temperature.
The t-test was used to compare the amount of food
consumed by Holocnemus pluchei at various temperatures.
It was determined that the group variables provided the
assumption of a homogeneous and normal distribution
(Levene’s test = .949; Skewness: 0.059, Kurtosis: –0.774).
t-test results are shown in Table 2.
The amount of food consumed by H. pluchei spiders at
different temperatures varies dramatically (t (66) = –7.40,
p: 0.000). Food consumption was lower in spiders fed at
20–25 °C (X = 2.38) than in spiders fed at 25–30 °C (X =
4.26). This finding is indicated as a significant relationship

The jamovi project (2021). jamovi. (Version 1.8) [Computer Software]. Retrieved from https://www.jamovi.org.
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Table 1. The t-test result of the food amount consumed by Agelena labyrinthica spiders at different temperature values.

Variable

n

Mean

s

20–25 °C

34

3.97

1.31

25–30 °C

34

7.47

1.19

df

t

p

Cohen d

SE

66.0

–11.5

0.000

–2.80

0.303

95% confidence
Lower

Upper

–4.10

–2.89

Table 4 shows the results of the Mann–Whitney U
test performed to determine the difference between the
amounts of food consumed by A. labyrinthica spiders that
were fed with Drosophila melanogaster and those that were
fed with food caught with insect net at 25–30 °C under
laboratory conditions.
The results show that there are no significant differences
between spiders fed with Drosophila melanogaster and
those fed with insects from their natural environment (U
= 20.05, p > 0.05) at 25–30 °C (Figure 7).
Table 5 shows the results of the Mann–Whitney U
test performed to determine the difference between the
amounts of food consumed by H. pluchei spiders fed with
Drosophila melanogaster at 20–25 °C under laboratory
conditions and those fed with the food caught in their
natural environment.
The results show that there is no significant difference
between the amounts of food consumed by H. pluchei
spiders fed with Drosophila melanogaster and those fed
from their natural environment (U = 26.5, p > 0.05) at
20–25 °C (Figure 8).
Table 6 shows that the results of the Mann–Whitney
U test performed to determine the difference between the
food amounts of the H. pluchei spiders fed with Drosophila
melanogaster and the food amounts of those fed with the
food caught in their natural environment under laboratory
conditions at 25–30 °C.
The results show that there is no significant difference
between the food amounts of H. pluchei spiders (U = 27.0,
p > 0.05) (Figure 9).
Because spiders are ectothermic organisms (May, 1985),
temperature changes have an impact on their nutrition
(Kruse et al., 2008). Thus, in the first experiment, the A.
labyrinthica spiders did not consume all the ten Drosophila

Food

Food amount

Heat

Figure 4. Temperature change related to the amount of food in
Agelena labyrinthica.

between temperature and the food consumed. Thus, it can
be concluded that spiders fed at high temperatures devour
a greater amount of food. Therefore, when calculating the
practical significance of a statistical difference, the effect
size was taken into consideration. The fact that the effect
size obtained as a consequence of the test (d = –1.79) is
greater than 1 shows that this difference is extremely
significant. Figure 5 presented the relationship between
nutrient amount and temperature.
Table 3 shows the results of the Mann–Whitney U
test performed to determine the difference between the
amounts of food consumed by A. labyrinthica spiders fed
with Drosophila melanogaster at 20–25 °C under laboratory
conditions and amounts of food consumed by those that
are fed with the food caught in their natural environment.
The results show that there is no significant difference
between the food amounts of A. labyrinthica spiders fed
at 20–25 °C and the food amounts of those fed from their
natural environment (U = 15.5, p > 0.05) (Figure 6).

Table 2. The t-test results of the food amount consumed by Holocnemus pluchei spiders at different temperatures.

Variable

Food amount
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Heat

n

Mean

s

20–25 °C

34

2.38

1.04

25–30 °C

34

4.26

1.05

df

t

p

Cohen d

SE

66.0

–7.40

.001

–1.79

–1.79

95% confidence
Lower

Upper

–2.43

–1.14

Food
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Figure 5. Temperature change related to the amount of food in
Holocnemus pluchei.
Table 3. The Mann–Whitney U test results of the amounts of food consumed under different conditions.
Food Type

n

Mean

SD

SE

df

Food
amount

Drosophila melanogaster

8

3.63

1.41

0.498

14.0

Food caught with insect net

8

5.13

1.64

0.531

Mann–Whitney U

p

15.5

0.088

Food

Variable

Figure 6. Food amounts of Agelena labyrinthica at 20–25°C
(1:Drosophila melanogaster; 2: food caught with insect net).
Table 4. The Mann–Whitney U test results of the amounts of food consumed under different conditions.
Variable

Food Type

n

Mean

SD

SE

Food
amount

Drosophila melanogaster

8

6.88

1.13

0.398

Foods caught with insect net

8

7.75

1.39

0.491

melanogaster species at the temperature range of 20–25
°C. They had consumed an average of 3.97 Drosophila
melanogaster, and as they fed on little food in this way,
their movement was restricted and they made messy
webs (Figures 3A and 3B). While the H. pluchei spider
consumed only 2.38 out of ten D. melanogaster species, it
was noticed that the H. pluchei almost never made web.
We observed that both spider species were active at 25–30

df

Mann-Whitney U

p

14.0

20.05

0.23

°C and while A. labyrinthica ate 7.47 D. melanogaster, H.
pluchei ate 4.26 D. melanogaster. The spiders, well-fed,
made more frequent and regular webs (visible) under the
influence of high-heat (Figure 3C). These spider webs can
be called quality cobwebs.
In the second experiment, insects were swept with
insect net from their natural habitat and were given to the
spiders for feeding. Their feeding and spider webs were
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Figure 7. Food amounts of Agelena labyrinthica at 25–30°C (1:
Drosophila melanogaster; 2: food caught with insect net).
Table 5. The Mann–Whitney U test results of the amounts of food consumed under different conditions.
Variable

n

Mean

Drosophila melanogaster

8

1.88

Food caught with insect net

8

2.13

SD

SE

df

Mann–Whitney U

p

0.835

0.295

14.0

26.5

0.289

Food

Food amount

Food type

Figure 8. Food amounts of Holocnemus pluchei at 20–25 °C (1:
Drosophila melanogaster; 2: food caught with insect net).

observed at different temperature values (20–25 °C and
25–30 °C). For instance, it was established that Agelena
labyrinthica ate 5.13 insects and Holocnemus pluchei
consumed 2.13 insects at a temperature of 20–25 °C; in this
case, the weave was less dense and sparse. At temperatures
ranging from 25 to 30 °C, A. labyrinthica consumed 7.75
insects and H. pluchei consumed 3.63 insects, resulting
in both dense and regular weaves. These spider webs can
also be called quality webs. Well-fed spiders weave more
frequent and high-quality webs. Frequent and regular
spider webs are quality webs. The amount of spider web is
directly related to the quality. Densely weaved spider webs
are high-quality and high in amount.
Temperature is an important factor in spider activity,
hunting, feeding, and spider web weave. Spiders are
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ectothermic animals which were observed to feed more
efficiently at high temperatures (25–30 °C) (May 1985;
Kruse at al., 2008). For ectothermic predators, when the
temperature increases, their metabolic activities increase,
and their prey numbers increase (Dreisig, 1981; Gilbert and
Raworth, 1996). Furthermore, it was found that the most
important factor in making webs is temperature as well as
food, whether spiders feed in their natural habitats or under
laboratory conditions.
Spiders usually catch their prey in ambush or they
hunt with their webs. Within the scope of this study, it was
determined that male and juvenile A. labyrinthica spiders
hunted while females waited. Additionally, it was revealed
that both adult and juvenile H. pluchei spiders hunted
their prey aggressively. Furthermore, it was demonstrated

HAMEED et al. / Turk J Zool
Table 6. The Mann–Whitney U test results of the amounts of food consumed under different conditions.
Food type

n

Mean

SD

SE

Food amount

Drosophila melanogaster

8

3.88

0.835

0.295

Food caught with insect net

8

3.63

0.141

0.498

df

Mann–Whitney U

p

14.0

27.0

0.725

Food

Variable

Figure 9. Amounts of food consumed by Holocnemus pluchei at
25–30 °C (1: Drosophyla melanogaster; 2: food caught with insect
net).

that the spiders were well-nourished and produced highquality webs at temperatures ranging from 25 to 30 °C for
both those fed with nutrients from the nature and those
fed under laboratory conditions. In general, spiders prey
on insects, particularly by sucking their body fluids. This
may explain why they favor insects with larger bodies. It has
been found that many web-weaving spiders feed twice as
often in areas not exposed to direct sunlight in nature than
those exposed to direct sunlight. In the hottest hours of the
day, at noon, high temperatures create stress on spiders,
and webs are exposed to high UV. In this case, spiders feed
less (Marc et al., 1999). The webs were assessed for spiders
that had been fed under laboratory conditions. Not only
males and females but also juveniles were fed and their
webs investigated in A. labyrinthica, and it was shown that
well-fed juveniles became adults by changing their skin.
Moreover, it was revealed that male spiders make dense and
high-quality webs in the first and second experiments. Wellfed female spiders make dense and high-quality webs at 25–
30 °C. For H. pluchei, it was reported that the temperature,

wind, and humidity factors affect the structure of the webs
(Roush and Radabaugh, 1993). We observed that H. pluchei
spiders make the web but have a sparse web in general at
temperatures of 25–30 °C under laboratory conditions. In
general, it was noted that both species feed less and make
their web slowly at lower temperatures (20–25 °C).
Spiders are important for biological control in
agricultural regions and natural ecosystems, because
they prey on insects which are cannibalistic organisms.
In addition, spider webs, which are biomaterials, are
particularly affected by temperature and nutrient amounts.
We believe that future studies can be useful on the webs of
A. labyrinthica, which produces a large amount of webs at
appropriate temperature and nutrients.
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